terns of associations emerged with respect to predictors of subjective memory and subjective memory change. First, the level of memory performance showed stronger associations with age, gender, and education, whereas subjective memory was more strongly associated with subjective age and personality traits. For example, women performed better than men on the episodic memory test, but there were no gender differences in subjective memory. Also, older age was associated with steeper declines of memory performance but with less decline of subjective memory. Second, personality traits that predicted subjective memory intercepts did not predict subjective memory slopes. Third, the strength of associations between levels and slopes of subjective memory and memory performance varied as a function of gender, education, depressive symptoms, and personality traits. Conscientiousness moderated the relationship of the level of subjective memory to the level of memory performance, consistent with the hypothesis that persons high in conscientiousness more accurately monitor memory successes and failures. The results reinforce the importance of depressive symptoms as a predictor of subjective memory but also indicate that a broader perspective on the reasons why memory complaints have modest correlations with memory itself is needed. 
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Introduction
Understanding how people perceive their own memory functioning can have important implications for assessing memory dysfunction in later life. Previous research has shown that subjective memory ratings are partly based on memory performance but also independently associated with other factors, such as depressive symptoms [1] . In the present study, we examined longitudinal associations between subjective memory and memory performance and the role of sociodemographic (age, gender, education) and psychological (depressive symptoms, subjective age, personality) variables as correlates and moderators. To do so, we used 4-wave longitudinal data from the Health and Retirement Study (HRS; n = 15,824), a national sample of US adults aged 50 years or older.
Some classifications of mild cognitive impairment include subjective memory complaint as a defining characteristic [2] . However, previous research has documented relatively small associations between subjective memory and memory performance. Two recent meta-analyses detected very small effect sizes, although they were positive and reliably different from 0 (r = 0.15 [3] and r = 0.06 [4] ). Moreover, Crumley et al. [4] reported that associations were moderated by a number of variables, including whether beliefs were measured as negative complaints or a positive sense of capacity. Variables other than memory, particularly depressive symptoms, correlate with subjective memory even when memory performance itself does not [ 5-7 ; for a recent review, see 1 ]. Hence, clinical geropsychologists have focused on the problem of distinguishing valid memory complaints from illusory concerns stemming from clinical depression or dysphoric mood [8] .
The personality trait of neuroticism, which reflects a tendency to experience negative affect as well as emotional instability, is a risk factor for depression and a strong correlate of perceived psychological stress in adults [9] . Neuroticism has also been linked with subjective memory concerns [10, 11] . Pearman et al. [7] have recently found independent associations of neuroticism and diagnosed clinical depression with memory complaints in a sample of old and very old adults. Other, less frequently mentioned aspects of personality (e.g., conscientiousness) and self-esteem also correlate with adults' subjective memory beliefs [10, 12] . For example, Hultsch et al. [13] found that the Jackson Personality Scales of Energy and Endurance correlated roughly (r = 0.3) with a measure of memory self-efficacy, suggesting that individuals who generally maintain high levels of energetic arousal (similar to extraversion) report better subjective memory. Little is known about associations of the other Big Five personality traits with subjective memory [but see 10 ] . The focus of the field on depressive symptoms as the key correlate of subjective memory may have obscured the existence of a broader set of correlates, especially personality traits, of memory self-concept in adulthood.
Although individual differences in subjective memory tend to be relatively stable in the old age, there is measureable change in subjective memory in long-term longitudinal data on older adults [14] . Recent studies using longitudinal growth curve models have found reliable latent variable correlations of change slopes for subjective memory and memory performance (i.e., φ = 0.24 [15] , φ = 0.39 [16] , φ = 0.44 [17] ). Perhaps longitudinal data minimize the effect of variables that influence self-concept but are unrelated to memory status, thereby enhancing the validity of reported changes in memory as an indicator of actual memory change. However, some longitudinal studies examining correlated changes have found nil to small associations [7, 14, 18] , consistent with cross-sectional metaanalyses. The reasons for discrepant longitudinal findings are not yet clear and might be based on methodological differences (e.g., nature of the population, age of the sample, measure of memory complaints vs. memory ratings).
To date, conclusions about personality-subjective memory relations have largely been based on cross-sectional data. Little is known about whether personality predicts longitudinal subjective memory change. Likewise, other variables manifest cross-sectional associations with subjective memory and could therefore predict longitudinal subjective memory change. Internalization of age stereotypes about memory as applying to oneself [19, 20] may affect subjective memory. Younger subjective age is known to be associated with higher memory self-efficacy [21] and fewer memory complaints [7] in older adults.
Finally, associations between subjective memory and memory performance might differ across subpopulations and have been reported to be stronger for men [15] and for individuals with higher education [15, 22] . Hülür et al. [15] argued that men and individuals with more years of education have more experience in between-person cognitive comparisons, which has been linked to more accurate self-evaluations [for a review, see 23 ].
The Present Study
Typically, studies often lack the statistical power to detect small moderator effect sizes [24] . In contrast, we examined longitudinal associations between subjective memory, memory performance, and other correlates, especially personality, using four occasions of data from the HRS (n = 15,824). Based on previous research, we expected small positive associations between trajectories of subjective memory and memory performance. With respect to correlates of subjective memory, we expected those with higher education, fewer depressive symptoms, lower in neuroticism, higher in conscientiousness and lower subjective age to report higher levels of subjective memory. We expected subjective age and personality traits to be more closely related to subjective memory than to memory performance. Furthermore, we expected men and those with higher education to show stronger associations between levels of subjective memory and memory performance and explored whether these variables moderated the longitudinal slope-slope correlations.
Methods
We used longitudinal data from the HRS. Descriptions of participants, variables, and procedures are given in detail in McArdle et al. [25] and in Hülür et al. [26] . Specific details relevant to the present study are presented below.
Participants and Procedures
The HRS started in 1992 with a nationally representative probability sample of households in the United States where at least one household member was a non-institutionalized individual aged ≥ 50 years. Data was collected every second year since 1992 and new 'refresher' cohorts were added every 6 years. Personality and subjective age were assessed in the psychosocial questionnaire of the HRS [27] starting in 2006 (personality) and 2008 (subjective age). Participants were administered the psychosocial questionnaire in alternate waves.
We used data from 15,824 participants who provided (a) at least one wave of data on subjective memory and memory performance when they were ≥ 50 years old, and (b) information on correlates (age, gender, years of education, at least one observation of depressive symptoms, each personality trait, and subjective age). In total, we used longitudinal data that was collected on up to four measurement occasions over up to 6 years (2006, 2008, 2010, and 2012) . At their first wave, participants (58% women) were on average 64.27 years old (standard deviation, SD = 9.90, range = 50-98 years) and had obtained 12.84 years of formal education (SD = 3.03).
Measures

Subjective Memory
Subjective memory was measured at each occasion with the item 'How would you rate your memory at the present time? Would you say it is excellent, very good, good, fair, or poor?', with responses provided on a 0 (poor) to 4 (excellent) scale [28] . The subjective memory item was administered prior to the test of episodic memory.
Memory Performance Episodic memory performance was measured at each wave with tests of immediate and delayed free recall [28] . A list of 10 nouns was presented to the participants, who were asked to recall as many words as possible (a) immediately after presentation and (b) after a delay of approximately 5 min. Tests of immediate and delayed recall were scored as the proportion of correctly remembered words and then averaged to create a single index. Higher scores indicate better memory.
Correlates Gender, education, average age, depressive symptoms, personality, and subjective age were included as correlates in our models. Gender was a time-invariant dichotomous variable. Education was a time-invariant variable indicating the number of years spent in formal schooling. Age was calculated as the difference between an individual's birth year and the year of the assessment at each occasion. Average age was calculated as the mean of all available ages for each participant. Depressive symptoms were measured at all waves as the sum of responses to eight items from the Center for Epidemiologic Studies Depression Scale (CES-D) [29] . Participants indicated whether they had experienced (0 = no, 1 = yes) a total of eight depressive symptoms (e.g., felt depressed, everything was an effort) during the past week [30] . Depressive symptoms were averaged across all available waves for each participant.
Personality traits were measured with items derived from the International Personality Item Pool [31] as implemented in the Midlife in the United States (MIDUS) study [32] . Neuroticism was measured with 4 items (moody, worrying, nervous; reverse-coded: calm); conscientiousness (organized, responsible, hardworking, thorough; reverse-coded: careless), extraversion (outgoing, friendly, lively, active, talkative), and agreeableness (helpful, warm, caring, softhearted, sympathetic) were measured with 5 items each, and openness was measured with 7 items (creative, imaginative, intelligent, curious, broad-minded, sophisticated, adventurous). Participants indicated how well each item described them on a scale from 0 (not at all) to 3 (a lot). Zimprich et al. [32] showed that these item factors have strict measurement invariance in the MI-DUS data. Items measuring each personality trait were averaged to generate personality variables ranging from 0 to 3.
Subjective age was assessed by one item, with participants responding to the question 'What age do you feel?' [27] . Subjective age responses <0 or >120 -comprising only 0.10% of all responses -were considered invalid and treated as missing data.
Data Preparation
The schedule of administration varied for the specific variables. Subjective memory, memory performance, and depressive symptoms were measured at all four waves from 2006 to 2012. Participants were administered the personality measure either in 2006 and 2010 or in 2008 and 2012. Subjective age was measured at the waves 2008 and 2012 or in 2010. Our analysis focused on aggregate associations of depressive symptoms, personality, and subjective age with level and slope of memory and subjective memory. Hence, depressive symptoms, the personality scales, and subjective age were averaged across all available waves for each participant and used as predictors of the memory and subjective memory variables. Subjective memory and memory performance were converted into a T-score metric (mean = 50, SD = 10) using baseline sta- Table 1 shows the descriptive statistics for and correlations among time-invariant and aggregated time-varying variables.
Correlates of Subjective Memory
Data Analysis
To evaluate longitudinal associations between trajectories of subjective memory and memory performance over time, we estimated an occasion-based latent growth curve model with Mplus [33] using the Full Information Maximum Likelihood estimation. Latent intercepts and slopes were centered at baseline. To examine whether our set of correlates predicted trajectories of subjective memory and memory performance, latent factors indicating level and change were regressed on the correlates centered at sample means. Furthermore, we controlled for retest effects. Since we did not include data from waves prior to 2006, only 23% of our sample had no retest at baseline. The remaining 77% of the sample had already been tested with the episodic memory test in prior waves not included in the present study. The latent factor reflecting the level of memory performance at baseline was regressed on a binary variable (0 = no retest, 1 = retest) that was centered at the sample mean. Given the large sample size, we set the type I criterion to p < 0.01. We note that even with this criterion some very small associations were able to reach significance ( table 1 ) .
In a further step, we evaluated the moderating role of our correlates for associations between subjective memory and memory performance. The latent factor reflecting the level of subjective memory was regressed on (a) the latent factor reflecting the level of memory performance, and (b) on the interaction between the latent level factor of memory performance and each correlate. Likewise, the latent factor reflecting the slope of subjective memory was regressed on (a) the latent factor reflecting the slope of memory performance, and (b) on the interaction between the latent slope factor of memory performance and each correlate. The interaction terms between the correlates and the latent factors were modeled using the XWITH function of MPlus. To center the latent predictor variables reflecting level of and change in memory performance, manifest indicators of memory performance were centered at their own means. There were reliable individual differences in levels and rates of change for both memory and subjective memory controlling for correlates. Higher levels of subjective memory were associated with higher levels of memory performance at baseline (φ = 0.21), and persons showing steeper changes in perceived memory also showed steeper declines of actual memory performance (φ = 0.49). Gender ( Hülür et al. [15] detected intraindividual variability around the fitted longitudinal change slopes in memory and subjective memory in the original HRS 9-wave data (that did not initially measure personality). This variability generated occasion-specific residual covariances between the two variables independent of the slope-slope covariance. To check whether omitting these occasion-specific relationships would bias the results, we fitted a model that added them. There was no major improvement in fit (CFI = 0.99; RMSEA = 0.02; SRMR = 0.01), and the estimated residual correlation was small (r = 0.03; p < 0.01). The presence of these residual covariances did reduce the estimated correlation between slopes (φ = 0.30; p = 0.02), but it did not affect regression relationships to other correlates we will report next. Table 2 reports both unstandardized and standardized regression coefficients for correlates predicting level and change in memory and subjective memory. In line with previous studies, older individuals and those reporting more depressive symptoms showed lower levels of subjective memory and memory performance. More educated persons showed higher levels of subjective memory and memory performance. Women showed higher levels of memory performance, but they did not report higher levels of subjective memory; in effect, women's selfratings failed to capture their superiority in episodic memory.
Results
Longitudinal Associations between Subjective Memory and Memory Performance
Correlates of Subjective Memory and Memory Performance
Of critical interest for this report, all five personality variables independently predicted initial levels of subjective memory. Aggregate zero-order correlations are shown in table 1 , and partial regression coefficients are reported in table 2 . In the regression model, higher conscientiousness and higher openness were both associated with higher levels of both subjective memory and memory performance. Lower neuroticism, higher extraversion, and lower agreeableness were associated with higher levels of subjective memory but unrelated to levels of memory performance. In terms of standardized partial regression coefficients, the relationships were >0.10 only for conscientiousness and openness, but the personality scales were substantially intercorrelated ( table 1 ) and the neuroticism effect controlled for depressive symptoms, a manifestation of one of its principal facets. Lower subjective age also predicted higher subjective memory.
Despite the associations of these correlates with subjective memory intercepts (stable individual differences in memory and subjective memory), none of the personality variables predicted changes in subjective memory over time, despite the large sample size. However, individuals reporting a higher subjective age also showed steeper declines of subjective memory ratings.
Age, gender, and education predicted subjective memory slopes in ways not fully consistent with changes in memory itself. Older individuals showed less steep declines of subjective memory but steeper declines of memory performance. Women showed less steep declines of subjective memory, and those with more years of formal education showed steeper declines of subjective memory. Neither of these variables predicted changes in episodic memory.
Moderators of the Association between Subjective Memory and Memory Performance
One of the major advantages of the large-sample HRS data is sufficient statistical power to evaluate moderated regression effects; in particular, we were interested in whether the correlates would moderate the relationship between subjective memory and memory performance.
Several moderators of interest were detected. The effect of the level of memory performance on the level of subjective memory (0.16, SE = 0.01; p < 0.01) was stronger for participants with higher education (0.01 per year of education, SE <0.01; p < 0.01) and weaker for older participants ( − 0.01, SE <0.01; p < 0.01) and women ( − 0.15, SE = 0.02; p < 0.01). The association between levels of subjective memory and memory performance was also stronger for more conscientious (0.09, SE = 0.03; p < 0.01) and more agreeable participants (0.11, SE = 0.03; p < 0.01). Figure 1 illustrates the model-implied association between subjective memory and memory performance for subpopulations of participants who are 1 SD below or above the sample means in conscientiousness ( fig. 1a)  and agreeableness (fig. 1b) .
In terms of change associations, the prediction of subjective memory change by actual memory change varied as a function of depressive symptoms. The unstandardized regression weight of the slope of memory performance on the slope of subjective memory (1.20, SE = 0.33; p < 0.01) was reliably stronger for participants experiencing more depressive symptoms (0.24, SE = 0.06; p < 0.01).
Discussion
We examined longitudinal associations between subjective memory and memory performance in 4-wave longitudinal data collected from over 15,000 older HRS participants. In line with previous research [16, 17] , a bivariate latent growth curve model (controlling for multiple correlates) found (a) a small correlation between levels of subjective memory and levels of memory performance, and (b) a robust correlation between changes in subjective memory and memory performance that was larger than the correlation of the intercepts for these two variables. It is important to note that some longitudinal studies have found no or small slope-slope correlations [7, 14, 18] . At present, the reason for this discrepancy is not clear. Certain methodological differences (e.g., nature of the population, age of the sample, measure of subjective memory) might be of importance.
The structural regression model also confirmed earlier findings that depressive symptoms are a robust predictor of memory complaints. However, one novel outcome in this study was the larger relation of actual memory change to change in subjective memory for persons high in depressive symptoms. This outcome could indicate that individuals experiencing dysphoria are more realistic and more concerned about their changing memory [7] . Conversely, this outcome could be framed as maintenance of a positive evaluation of one's own mem-ory functioning in face of cognitive declines -a self-protective strategy that is less likely to occur for those experiencing higher levels of depressive symptoms. The effect is not consistent with the hypothesis that elevated depressive symptoms invalidly inflate subjective memory or perceptions of memory change. This finding suggests that clinicians who work with elders who show signs of possible depression should not dismiss memory complaints as merely symptomatic of the depression. Instead, the complaints could be accurate assessments of everyday memory problems.
Although the results reinforce the importance of depressive symptoms as a predictor of subjective memory, they also suggest that greater attention should be paid to aspects of personality other than neuroticism as predictors of subjective memory. In particular, conscientiousness and openness manifested robust relations to subjective memory intercepts. Furthermore, conscientiousness and agreeableness moderated the relationship between memory and subjective memory intercepts. People who are more conscientious may be more likely to accurately monitor memory successes and failures on average and are perhaps also less likely to experience memory problems because they use behavioral strategies that help avoid memory errors [1] .
The effects involving agreeableness were unexpected. The aggregate effect of agreeableness on subjective memory was small and negative (i.e., people who are more assertive, less nurturing, more combative, and less compliant report higher levels of subjective memory). The moderated regression effect indicated that the relationship of subjective memory to memory was stronger for agreeable persons. These patterns cannot be attributed to known gender differences in agreeableness ( table 1 ), which were Illustrating average model implied between-person associations of subjective memory and memory performance for subpopulations with lower and higher levels of conscientiousness ( a ) and agreeableness ( b ). The dots are raw data from 1,000 participants. Participants with higher average memory performance also reported higher subjective memory. a More conscientious participants reported higher levels of subjective memory. The association between subjective memory and memory performance was stronger among more conscientious individuals. b Less agreeable participants reported higher levels of subjective memory. The association between subjective memory and memory performance was stronger among more agreeable individuals.
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Correlates of Subjective Memory statistically controlled in the analysis. Perhaps individuals high in agreeableness are more accepting of their own memory failures, especially in social contexts, thereby generating a stronger relationship between subjective memory and memory. However, too little is known about the effect to draw firm conclusions.
In contrast to findings with subjective memory intercepts, personality variables did not predict changes in subjective memory over time. Similar results have been previously reported for neuroticism [7] , but this study extends this conclusion to all Big Five personality factors in a study that has ample power to detect individual differences in change. Thus, these personality variables have long-term stable relations to subjective memory but do not affect subjective memory change in the old age.
The independent relation of subjective age to subjective memory intercepts, controlling for personality, is consistent with other recent cross-sectional findings [7, 21] . However, the present results showed that subjective age was also related to subjective memory slopes. Certainly the relationship warrants further investigation to ferret out its basis. On the one hand, beliefs about aging and memory may influence perceived memory; on the other hand, experiencing what are perceived to be consequential memory failures may activate aging stereotypes and lead one to 'feel older'.
The overall pattern of results reinforces the idea that subjective memory and memory, while correlated with one another, are distinct constructs. First, although older participants showed steeper declines of memory performance, they showed less steep declines of subjective memory as compared to younger participants [34] . This finding suggests that older adults may use different standards for evaluating their own memory functioning. As everyday memory problems become more common with advancing age, older adults may shift their standards or expectations for base rates of memory failures [7, 15] . Older adults may also be less concerned with memory aging as compared to middle-aged adults [35] , consistent with the age-moderation effect found in this study. Older adults also give disproportionately positive subjective health assessments, relative to the degree of objective health problems [36] . Second, subjective age and personality traits were more closely related to subjective memory than they were to memory performance. Third, the strength of associations differed across subpopulations. In addition to the moderator effects already noted, men (relative to women) and individuals with higher education showed stronger associations between levels of subjective memory and memory performance in line with previous findings [15, 22] .
Limitations and Outlook
We note several limitations of our study. First, the HRS surveys a wide variety of constructs with brief assessments. Although our study mostly replicated findings from previous studies using more comprehensive measures, future research should replicate some of our findings with broader measures of key constructs. In particular, the adjectives selected for the brief measures of personality in the HRS do not necessarily span all the facets that comprise higher-order factors. In the case of neuroticism, for instance, the selected adjectives draw primarily on the anxiety facet of the construct.
Second, our study included participants from a national sample of the US population and did not target a clinical sample. Further studies with clinical populations [37] are necessary to evaluate the utility of subjective ratings in clinical settings. The association between subjective memory and memory performance might be weaker or even nonexistent among those with mild cognitive impairment [38, 39] and dementia [39, 40] , given concerns about anosognosia in impaired populations. An older adult presenting to a clinician with memory complaints may be depressed and should be evaluated for it, but our findings of correlated changes in subjective and episodic memory controlling depression and personality suggest that a neuropsychological assessment should also be considered to test for memory impairments. Third, measures of personality and subjective age in the HRS were only available for up to two occasions and even then at different measurement schedules. Thus, it was impractical to examine how changes in these variables might covary with changes in subjective memory and memory performance, an issue which can be addressed after future psychosocial data collections in the HRS.
Conclusions
Our study indicates that subjective memory ratings are associated with factors other than memory itself, including education, personality, and subjective age. Furthermore, the strength of associations between subjective memory and memory performance differed across subpopulations and interacted with agreeableness, conscientiousness and depressive symptoms. However, changes in subjective memory were less aligned with these variables and correlated more strongly with actual memory change. Subjective memory is a complex construct that is influenced by multiple variables. Clinicians working with old- er adults should keep in mind that subjective memory complaints could arise from multiple sources. Taking the time to understand the contexts, emotions, and etiology behind a self-reported memory complaint should be an important part of their assessment.
